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Table
Ultrasound grey-scale synovitis as predictor for radiographic progression after ﬁve
years.
Baseline ultrasound Radiographic
progression, n (%)*
Crude OR
(95% CI)
Adjusted OR
(95% CI)y
Grey-scale synovitis Kellgren-Lawrence grade
Grade 0 (n¼1715) 246 (14.3) 1.0 1.0
Grade 1 (n¼185) 59 (31.9) 2.7 (1.84.0) 2.4 (1.6-3.7)
Grade 2 (n¼111) 42 (37.8) 3.5 (2.35.4) 3.2 (2.1-5.1)
Grade 3 (n¼22) 15 (68.2) 11.4 (5.722.6) 14.2 (6.2-32.7)
Osteophytes
Grade 0 (n¼1804) 154 (8.5) 1.0 1.0
Grade 1 (n¼198) 39 (19.7) 2.5 (1.73.8) 2.1 (1.3-3.4)
Grade 2 (n¼121) 44 (36.4) 5.9 (3.89.1) 4.4 (2.7-7.3)
Grade 3 (n¼25) 14 (56.0) 13.4 (7.125.1) 8.0 (3.4-18.5)
Joint space narrowing
Grade 0 (n¼1732) 155 (8.9) 1.0 1.0
Grade 1 (n¼186) 51 (27.4) 3.7 (2.35.9) 2.0 (1.2-3.4)
Grade 2 (n¼114) 31 (27.2) 3.7 (2.55.3) 2.3 (1.5-3.6)
Grade 3 (n¼22) 12 (54.5) 11.0 (4.626.4) 12.2 (4.7-32.2)
Erosions
Grade 0 (n¼1704) 47 (2.8) 1.0 1.0
Grade 1 (n¼180) 18 (10.0) 3.7 (1.96.9) 1.8 (0.9-3.9)z
Grade 2 (n¼106) 19 (17.9) 6.8 (3.314.1) 3.8 (1.6-9.1)
Grade 3 (n¼17) 6 (35.3) 16.1 (6.440.9) 8.0 (2.5-26.0)
Generalized Estimating Equations presented as odds ratios (OR) for radiographic
progressionwith separate models for each radiographic feature, p0.01 if not stated
otherwise. CI¼conﬁdence interval. *Number and percentage progressive joints
among those with different grades of GS synovitis. yAdjusted for age, sex, body mass
index, follow-up time, Kellgren-Lawrence grade and other radiographic erosive
joints at baseline. zp¼0.11.
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the epigenetically differentially regulated gene networks in peripheral
blood mononuclear cells (PBMCs) of OA patients of the GARP study, in
particular to predict risk for OA progression within 2 years.
Methods: Genome wide DNA methylation was measured in PBMCs of
148 female participants of the GARP study using Illumina Inﬁnium
HumanMethylation450 BeadChip arrays. The GARP study consists of
patients with generalized OA with a familial background. Following
quality control of the data and elimination of CpG-probes containing
known single nucleotide polymorphisms (SNPs) or mapped ambigu-
ously, linear regression analysis was performed in R statistical pro-
gramming language to identify CpGs that associate with OA progression
as deﬁned by increased joint space narrowing and osteophytosis at
hand, hip, and knee joints while correcting for technical covariates as
well as for age and BMI. P-values reported were corrected for multiple
testing by the Benjamini-Hochberg method. Gene enrichment analyses
(DAVID) was performed for biological processes with signiﬁcant CpG-
probes that were annotated to genes expressed in PBMCs, and protein
networks were analyzed with Search Tool for the Retrieval of Inter-
acting Genes/Proteins (STRING).
Results: We identiﬁed 908 CpGs that signiﬁcantly associated with OA
progression in 2 years (lowest p¼6.2x10-9), of which 2 were also sig-
niﬁcantly associated with OA progression over 5 years. Of the 908 sig-
niﬁcant CpGs, 227 were annotated to 201 unique genes expressed in
blood. Pathway analysis showed signiﬁcant enrichment of genes
involved in GO-term 0000904: cell morphogenesis involved in differ-
entiation (p¼4.4x10-2) and borderline signiﬁcance for genes involved
in GO-term 0031175: neuron projection development (p¼6.8x10-2).
Among the genes to which the top CpGs were annotated we observed
OA relevant genes such as NOTCH1. In addition, the network of protein-
protein interactions among identiﬁed genes was signiﬁcantly enriched
as determined with STRING (p¼2.2x10-3). Baseline receiver operating
characteristic (ROC) analysis using age and BMI did not result in sig-
niﬁcant discriminative capacity (area under the curve AUC¼57%).
However, including methylation status of 4 of the most signiﬁcant CpGs
associatedwith OA progression in 2 years, resulted in a 20% increase to a
clinical relevant AUC of 76%.
Conclusions: In the current study, we showed that OA progression over a
2-year period inwomencanbemarkedbyepigenetic changes in the easily
accessible tissue blood as reﬂected by methylation of CpG sites at OA
relevant genes. Furthermore, we are the ﬁrst to show that, by using the
readilyaccessiblemethylation status of only4 CpGsites, a clinical relevant
prediction of OA progression can be established with a ROC of 76%. Our
results, therefore, show that the epigenetic landscape in blood of OA
patients can provide a powerful tool for prognoses of OA. Conﬁrmation in
an independent study is important given these promising results.
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ULTRASOUND-DETECTED INFLAMMATION PREDICTS RADIOGRAPHIC
PROGRESSION IN HAND OSTEOARTHRITIS AFTER FIVE YEARS
A. Mathiessen, H.B. Hammer, B. Slatkowsky-Christensen, T.K. Kvien,
I.K. Haugen. Diakonhjemmet Hosp., Oslo, Norway
Purpose: Modern imaging techniques such as magnetic resonance
imaging and ultrasound demonstrate high prevalence of synovitis in
painful hand OA joints. Some studies on knee OA suggest that the pres-
ence of synovitis may be a surrogatemarker of OA severity and associated
with increased risk of disease progression. A similar predictive correla-
tion is less clear for hand OA due to few longitudinal studies.
The aim of our study was to examine whether ultrasound inﬂamma-
tion including grey scale (GS) synovitis and power Doppler (PD)
activity can predict radiographic progression after 5 years in patients
with hand OA.
Methods: We included 78 participants (71 women, mean (standard
deviation, SD) age 67.8 (5.2) years) from the Oslo hand OA cohort with
US examination at baseline and conventional radiographs taken at
baseline and at 5-years follow-up. GS synovitis and PD signals were
examined in 30 ﬁnger joints (the ﬁrst carpometacarpal joint, the 1st-5th
metacarpal joints, the 1st-5th proximal and 2nd-5th distal inter-
phalangeal joints bilaterally) by US on a semi-quantitative 0-3 scale. In
the same joints, radiographic progression was deﬁned as an increase in
global OA according to the Kellgren-Lawrence (KL) scale, or progression
of individual OA features according to the Osteoarthritis Research
Society International (OARSI) atlas. For each radiographic deﬁnition we
examined whether baseline US features predicted radiographicprogression using Generalized Estimating Equations, adjusted for age,
sex, body mass index, follow-up time and KL grade.
Results:Mean (SD) follow-up timewas4.7 (0.4) years. GS synovitis andPD
signalswere present in 28.7 and 4.6% of OA joints at baseline, respectively.
Radiographic progression in joints was found in 20.1% for KL, 12.1% for
joint space narrowing (JSN) and 11.7% for osteophytes. Ultrasound-
detected GS synovitis and PD signals were signiﬁcant and dose-depend-
ent predictors for KL progression (OR¼3.1 (95% CI 2.1-4.4) and OR¼4.1
(95% CI 2.1-8.0), respectively). GS synovitis and PD activity also predicted
progression of all measures of individual radiographic features, of which
strongest association was seen for osteophyte progression (OR¼2.9 (95%
CI 2.1-4.0) and OR¼5.1 (95% CI 2.8-9.5), respectively).
The predictive value of baseline inﬂammation on radiographic pro-
gression is exempliﬁed with GS synovitis in the table, as well as in the
picture showing radiographic progression in an inﬂamed inter-
phalangeal joint after ﬁve years.
Conclusions: Our study is the ﬁrst to demonstrate that even small
amounts of inﬂammation seen by ultrasound signiﬁcantly increase the
risk of future radiographic progression in the same ﬁnger joint. GS
synovitis and PD activity were signiﬁcantly associated with increased
KL grade, JSN, osteophyte score and erosive evolution after 5 years. This
study supports the use of US as a tool to detect hand OA patients who
are likely to progress.
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PRESENCE OF MRI MARKERS OF INFLAMMATION ESPECIALLY IN
OVERWEIGHT PERSONS INCREASES RISK OF INCIDENT OA: THE
POMA STUDY
F.W. Roemer y,z, A. Guermazi y, M. Hannon x, T. Fujii x, R.M. Boudreau x,
D.J. Hunter k, F. Eckstein ¶, C.K. Kwoh#. yBoston Univ. Sch. of Med.,
Boston, MA, USA; zUniv. of Erlangen-Nuremberg, Erlangen, Germany;
xUniv. of Pittsburgh, Pittsburgh, PA, USA; kUniv. of Sydney, Sydney,
Australia; ¶ Paracelsus Med. Univ., Salzburg, Austria; #Univ. of Arizona,
Tucson, AZ, USA
Purpose: Obesity is one of the key risk factors for the development of
knee osteoarthritis, possibly because of increased joint loading. How-
ever, obesity-related osteoarthritis not only affects the weight-bearing
joints, but also the hands, suggesting a systemic metabolic component.
In addition, studies have demonstrated associations linking osteo-
arthritis to several components of the metabolic syndrome, including
chronic low-grade inﬂammation, a feature shared by osteoarthritis and
metabolic disorders that may contribute to the genesis of both.
Aims of the study were to analyze whether risk of presence of MRI-fea-
tures of inﬂammation such as effusion-synovitis (“effusion”) and Hoffa-
synovitis (“synovitis”) differs between normal-weight, and overweight/
obese persons that develop incident OA two years prior the diagnosis of
radiographic OA and to assess whether risk of OA differs for men and
women in regard to BMI and inﬂammatory MRI markers stratiﬁed.
Methods: Participants were drawn from the Osteoarthritis Initiative
(OAI) study of 4796 participants with or at risk of knee osteoarthritis
with regular annual visits over 5 years. We studied 355 knees that
developed incident ROA before the 48 month visit. They were matched
1:1 by gender and age within 5 years to a control knee that did not
develop incident ROA with the same Kellgren-Lawrence grade in both
knees at baseline. MR images were acquired at 3 T systems.
MRIswere read forHoffa- andeffusion-synovitisusing theMOAKSscoring
system for all available images at the visit two years prior incidence (time
point “P-2”;N ¼ 225 cases; with 218 matched pairs available).
Subjects were classiﬁed as normal weight (BMI < 25), overweight (BMI
25 and <30) or obese (BMI  30) at OAI enrollment.
Bivariate logistic regression was used to assess the risk of synovitis and
effusion at P-2 in subjects that developed radiographic OA comparing
overweight and obese subjects combined compared to normal weight
subjects as the reference.
Conditional logistic regression was used to assess the risk of incident
ROA for synovitis at P-2 and BMI category. Risk of ROA for synovitis by
BMI category stratiﬁed by gender was estimated.
Results: For the matched cases and controls, 116 (26.6%, 95 women)
participants were in the normal-weight category, 169 (38.8%, 106
women) in the overweight category and 151 (34.6%, 99 women) in the
obese category. For those who developed ROA there was no increased
risk of synovitis in the combined overweight/obese BMI subgroup at P-2
but being overweight was associated with an increased risk of effusion
(OR 2.21, CI¼ 1.11, 4.43]). Using overweight womenwithout synovitis as
the reference, obesity without synovitis was associated with a greater
risk of OA (OR ¼ 2.87, CI 1.21,6.83) in women, as was being overweight
with synovitis (OR ¼ 3.26, CI 1.39, 7.65). Being obese with synovitis was
not associated with increased risk. For men, there were no combina-
tions of synovitis and BMI that were associated with an elevated risk of
OA compared to those being overweight without synovitis. Table 1 gives
a detailed overview of these results.Table 1
Risk of incident ROA in regard to presence or absence of synovitis and BMI status two
years prior the diagnosis of incident radiographic OA (cases and controls)
Men Women
N ¼ 136 N ¼ 330
OR CI OR CI
Incident OA with BMl and synovitis at P-2
No Synovitis, BMl Normal 1.45 0.31 6.77 0.67 0.29 1.59
No Synovitis, BMl Overweight Ref Ref
No Synovitis, BMl Obese 1.03 0.31 3.42 2.87 1.21 6.83
Synovitis, BMl Normal 3.25 0.69 15.29 1.52 0.61 3.77
Synovitis, BMl Overweight 1.99 0 66 6.00 3.26 1.39 7.65
Synovitis, BMl Obese 1.63 0.58 4.60 1.86 0.80 4.34Conclusions: For those who would develop OA, an increased risk of
effusion was observed for the combined overweight/obese group at P-2
but not for synovitis. In regard to interaction of BMI with synovitis, the
presence of synovitis increases risk of ROA in overweight womenwhile
obese women had an increased risk for ROAwithout synovitis. Presence
of inﬂammatory markers seems to play a role especially in overweight
women whereas obese women have an increased risk for ROA even in
the absence of these imaging markers of inﬂammation conﬁrming that
both mechanical load and inﬂammation have a role in OA incidence at
least for women.
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KNEE FLEXION MOMENT AND IMPULSE DURING WALKING ARE
ASSOCIATED WITH PATELLOFEMORAL JOINT ARTICULAR
CARTILAGE T1RHO AND T2 RELAXATION TIME
H.-L. Teng, N. Calixto, T.M. Link, S. Majumdar, R.B. Souza. Univ. of
California, San Francisco, San Francisco, CA, USA
Purpose: Increased knee ﬂexion moment and impulse have been pro-
posed to result in higher mechanical loading on the patellofemoral joint
(PFJ) and therefore, may be risk factors of PFJ cartilage degeneration.
This study aimed to examine whether knee ﬂexion moment and
impulse during gait are associated with PFJ cartilage composition
quantiﬁed by T1r and T2 relaxation time.
Methods: Subjects: One-hundred and ten subjects (67 females, age:
52.1 ± 10.4 years, BMI: 24.4 ± 3.2 kg/m2) with and without clinical
symptoms of OA participated in this study. All subjects underwent 3D
gait analysis and knee MR scan. Gait Analysis: Knee kinematics (250
Hz, VICON, Oxford, UK) and ground reaction forces (1000 Hz, AMTI,
Watertown, MA, USA) were recorded while subjects walked: (1) at
self-selected speed (1.53±0.24 m/sec); and (2) as fast as possible
(1.96±0.27 m/sec). Sagittal plane net knee joint moment was com-
puted using Visual3D (C-Motion, Germantown, MD, USA) and nor-
malized to body mass and height. Knee ﬂexion moment impulse was
calculated as the integral of knee ﬂexion moment with respect to time
over stance phase. MR protocol: MR images were acquired using a 3
Tesla MRI scanner (GE Healthcare, Milwaukee, WI, USA) with an 8-
channel phased array knee coil (Invivo, Orlando, FL, USA). The imaging
protocols included: (1) high-resolution 3D fast spin-echo CUBE
sequence (TR/TE ¼ 1500/26.69 ms, ﬁeld of view ¼ 16 cm, matrix ¼
384384, slice thickness ¼ 0.5 mm, echo train length ¼ 32, acquisition
time ¼ 10.5 min); (2) T1r relaxation time sequence (TR/TE ¼ 9/2.6 ms,
time of recovery ¼ 1500 ms, ﬁeld of view ¼ 14 cm, matrix ¼ 256128,
slice thickness ¼ 4 mm, bandwidth ¼ 62.5 kHz, time of spin-lock ¼ 0/
2/4/8/12/20/40/80 ms, frequency of spin-lock ¼ 500 Hz, acquisition
time ¼ 11 min), and (3) T2 relaxation time sequence (same as the T1r
sequence except for magnetization preparation TE ¼ 1.8/3.67.3/14.5/
29.1/43.6/58.2 ms, acquisition time ¼ 11 min). MR image analysis:
Sagittal CUBE images were rigidly registered to the T1r relaxation time
map images and used for cartilage segmentation. Trochlea and patella
cartilage compartments were segmented semi-automatically. T1r and
T2 relaxation times were determined with a pixel-by-pixel, two-
parameter exponential ﬁt. T1r andT2 values of each compartment
were computed as the mean of all pixels belonging to the ROIs. Car-
tilage morphological analysis: Articular cartilage lesions were graded
on the CUBE images using the modiﬁed-whole-organ magnetic reso-
nance imaging score (WORMS). A positive lesion was deﬁned when
WORMS >1 (focal cartilage degenerative lesion). Statistical analysis:
Pearson partial correlations were performed to examine the associa-
tion between gait kinetics (peak knee ﬂexion moment and ﬂexion
moment impulse) and PFJ cartilage composition (T1r and T2 relaxation
time) while adjusting for age, gender, BMI and walking speed in all
subjects and subjects with PFJ cartilage lesions. The a level was set at
0.05.
Results: There were 43 subjects without and 67 subjects with cartilage
lesions (8 isolated TFJ cartilage lesions, 37 isolated PFJ cartilage lesions,
22 combined TFJ and PFJ cartilage lesions). Results of partial correlation
are showed in Table 1 and 2. During self-selected walking, peak knee
ﬂexion moment was signiﬁcantly correlated with trochlea T1r relaxa-
tion time and knee ﬂexionmoment impulse was signiﬁcantly correlated
with trochlea T1r and T2 relaxation time. These relationships were
stronger in subjects with PFJ OA. During fast walking, peak knee ﬂexion
moment was signiﬁcantly correlated with patella T1r relaxation time.
Moreover, knee ﬂexion moment impulse was correlated with trochlea
T1r and T2 and patella T1r relaxation time.
